Background: Rg3, a major ginsenoside derived from heat-processed ginseng, has been reported to have anti-inflammatory and anti-proliferative activities. In our previous studies, Rg3 inhibited phorbol ester-induced cyclooxygenase-2 expression and NF-κB activation in cultured human mammary epithelial (MCF-10A) cells and in mouse skin in vivo. In this study, we investigated Rg3-induced apoptosis in human breast cancer (MDA-MB-231) cells and underlying molecular mechanisms. Methods: After Rg3 treatment, apoptotic cell death of MDA-MB-231 cell was investigated by the MTT reduction assay and measurement of the mitochondrial membrane depolarization. Flow cytometry was used for cell cycle analysis and detection of apoptotic cells as well as measurement of reactive oxygen species. Expression of apoptotic-related proteins was determined by immunoblot analysis. Results: MDA-MB-231 cells treated with Rg3 (30μM) exhibited the increased proportion of hypodiploid or apoptotic cells. Rg3 treatment resulted in an increase in the ratio of proapoptotic Bax to antiapoptotic Bcl-2, depolarization of the mitochondria membrane potential and the release of cytochrome c from mitochondria. Rg3 also induced the proteolytic cleavage of caspase-3 and poly (ADP-ribose) polymerase, which was attenuated by a caspase-3 inhibitor, z-VAD-fmk. Conclusions: Based on these findings, it is likely that Rg3 induces apoptosis in MDA-MB-231 cells via classical mitochondria-dependent caspase activation. These data suggest that Rg3 might be a potential candidate as a breast cancer chemopreventive agent. (J Cancer Prev 2013;18:177-185) 
INTRODUCTION
A large number of phytochemicals present in fruits and vegetables or in medicinal plants have been found to retain potential cancer chemopreventive activities. [1] [2] [3] [4] Ginseng has long been used as a herbal drug in traditional oriental medicine and is now used extensively as a general health supplement. According to an epidemiological study conducted in Korea, chronic intake of ginseng has been associated with a decreased incidence of cancers, such as esophageal, gastric, colorectal, and pulmonary tumors. [5] [6] [7] Components that have been isolated and characterized from ginseng include ginsenosides, polysaccharides, peptides, polyacetylenic alcohols, and fatty acids. 8 Among these, ginsenosides are major pharmacologically active ingredients that have been shown to have anti-oxidation, anti-inflammation, and anti-carcinogenic activities. 9, 10 It has been reported that heat-treatment of ginseng potentiates its biological activity, and Rg3 is one of the major ingredients in heat-processed ginseng. 11, 12 Generally, the growth rate of pre-neoplastic or malignant cells outpaces that of normal cells because of malfunctioning or deregulation of their cell-growth and cell-death machineries. 13 The normal cell function and tissue homeostasis are maintained by a balance between proliferation and apoptosis. Cancer is a typical disorder in which clones of malignant cells escape such balance and proliferate inappropriately without compensatory apoptosis. 14 The success of cancer therapies greatly relies on the extent to which they preferentially induce tumor cell death while allowing survival of normal cells. In this context, induction of apoptosis is recognized as a rational approach to eliminate genetically damaged or pre-neoplastic cells before any malignancy manifests.
Our previous studies have demonstrated that the methanol extract of the heat-processed Panax ginseng C.A.
Meyer is capable of inhibiting lipid peroxidation in rat brain homogenates and also scavenging superoxide anion generated by xanthine/xanthine oxidase or 12-O-tetradecanoylphorbol-13-acetate (TPA) in cultured human promyelocytic leukemia (HL-60) cells. 15 Ginsenoside Rg3, one of the major ingredients of heat-processed ginseng, also inhibited TPA-induced COX-2 expression and NF-κB activation in both mouse skin 9 and cultured human mammary epithelial (MCF-10A) cells. 16 In the present study, we have investigated the effects of Rg3 on growth and proliferation of MDA-MB-231 cells.
MATERIALS AND METHODS

Materials
Rg3 was prepared and purified as described previously.
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N-Acetyl-L-cysteine (NAC), trolox (6- (Fig. 2) .
Effects of Rg3 on expression of apoptosis regulatory molecules
To elucidate the mechanisms underlying the pro-apoptotic effects of Rg3, the expression of several major apoptosis regulators was measured by Western blot analysis.
The ratio of pro-apoptotic Bax and the anti-apoptotic Bcl-2 is considered as a molecular rheostat determining cell survival/death. 18 As shown in Fig. 3A , Rg3 treatment led to a concomitant decrease in the level of Bcl-2, whereas the 
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When MDA-MB-231 cells were treated with Rg3 for 24 h, the cleavage of both caspase-3 and PARP increased (Fig.   3B ). However, when co-treated with z-VAD-fmk, the caspase-3 inhibitor, cytotoxicity (Fig. 4A) and cleavage of caspase-3 and PARP induced by Rg3 (Fig. 4B) were abrogated. type. 8 Although the extracts from fresh or processed P.
Role of reactive oxygen species (ROS) in
ginseng have been extensively tested for their pharmacological effects, the precise biological functions and underlying action mechanisms of pure molecules derived from ginseng are still largely unknown. 22 It has been reported that heat-treatment of ginseng enhances its biological activity. 11, 12 Rg3, one of the main ingredients of heat-processed ginseng, has two types of isomers, depending on the stereochemistry at the C-20 atom.
In the present study, we investigated the proapoptotic effects of Rg3, one of the major ingredients of heat-pro- In conclusion, Rg3 induced apoptosis in human breast cancer (MDA-MB-231) cells, which is mediated by the activation of the mitochondrial death pathway.
